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Most of the information accumulated about the small lymphocyte has
concerned the association of this cell with immune reactions in general
and the rapid recirculation of lymphocytes from blood to lymph, probably
by way of the lymph nodes.`' It seemed reasonable to suppose that a
relationship might exist between these two activities and that perhaps
one was necessary for the fulfillment of the other. The present experiments
have investigated the extent to which all the lymph nodes in the rabbit
are primed to react to an antigen, after exposure of only one node to the
antigen. Evidence has been found to support the hypothesis that the
recirculation of lymphocytes enables the transmission of immunological
information throughout the reticular tissues.
MATERIALS AND METHODS
Experimental rabbits weighing 2-4 kg. received a first injection of 164 Lf units
(0.1 ml.) of diphtheria fluid (formol) toxoid intradermally into the left hind foot-
pad. The second injection was made 28-31 days later into a different footpad,
usually the contralateral hindpaw. The tanned red cell hemagglutination method of
Boyden,' adapted by Stavitsky' to the diphtheria toxin-antitoxin system, was used
as an indicator of antibody levels. Hemagglutination titers were determined on sera
obtained at weekly intervals during the primary response and every two days
during the secondary response. Animals were sacrificed at days 2, 4, 6, 7 and 8
during the secondary response. Spleen, axillary and popliteal lymph nodes were
fixed in formal-alcohol and stained with methyl green-pyronine and hematoxylin-
eosin. The tissues of one animal sacrificed four days after the second injection were
rapidly frozen in ethanol and dry ice at -70° C. Sections were fixed and stained for
intracellular antibody by the method of Coons, et al.6
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The following animals were used as controls:
1. Four animals injected twice in the same footpad, with a 28-31 day interval
between injections. Of these, one was studied serologically for eight days after the
secondary injection. The remaining three were sacrificed on days 2, 4, and 6 respec-
tively, to serve as histological controls for the corresponding experimental animals,
and were studied serologically until their demise.
2. One animal injected in the same footpad with 460 Lf units of toxoid on days
1 and 31 and reinjected with the same high dose on the seventh day after the second
injection to obtain information concerning the possible leakage of antigen into
the circulation.
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FIG. 1. Comparison of hemagglutination titers of individual experimental and control
animals during the period following the second injection of toxoid. Note the similarity
between the groups on each day, indicating that a secondary response has occurred
in the experimental group.
3. Three animals injected once with toxoid (164 Lf) and sacrificed on days 2, 4,
and 6 respectively, to provide the histology of a primary response.
4. One untreated animal with no detectable hemagglutination antibody to diphtheria
toxoid sacrificed for comparison of "normal" histology.
RESULTS
Serological studies
The animals injected first in one footpad, then in another, gave a re-
sponse equivalent to that found in controls injected twice in the same
footpad. Serologically this was a secondary response, with detectable
"free" antibody in the serum two days after the second injection, an
exponential rise in titer between days 2 and 4, and a peak at day 5 or
6 which was maintained at least until the eighth day. The group of
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control animals receiving a single injection had no detectable serum anti-
body until the sixth day, at which time a 1:40 titer was present. On the
other hand, both experimental and control animals receiving two injections
attained titers in the range of 1:40,960 to 1:81,920 by the fifth or sixth
day. The corresponding titers of the individual animals in the two groups
were very similar (Fig. 1) and a plot of mean values shows that the
two curves of hemagglutination titers are virtually superimposable (Fig. 2).
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FIG. 2. Comparison of mean hemagglutination titers of experimental and control
groups during the period following the second injection of toxoid. The curves for
experimental and control animals are very nearly superimposable.
Morphological studies
Two days after the challenge dose of antigen, the popliteal node drain-
ing the site of injection in experimental animals contained 11 to 30
large "primitive" cells per high-power field in its medulla. These cells
had a pale nucleus, centrally placed, which contained one to several
nucleoli. There was a thin rim of cytoplasm which was moderately baso-
philic, and some cells had a small bleb of cytoplasm at one pole, perhaps
foreshadowing later nuclear eccentricity. Figure 3 shows a group of such
cells with moderately pyroninophilic cytoplasm on methyl green-pyronine
staining. The opposite popliteal node wes devoid of such primitive cells.
Four days after the second injection, the injected popliteal node was
about 1.5 times larger than the uninjected side. Germinal center activity
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was quite marked, with "blast" forms resembling those seen in the medulla
on day 2, but with a more uneven distribution of cytoplasm around the
nucleus. These cells were not found in the follicle of the opposite side.
The cells found in the medulla were about twice the size of a lymphocyte,
had more cytoplasmic basophilia and pyroninophilia than their predecessors
and had a nucleus with one prominent nucleolus, somewhat eccentrically-
placed; they were characteristic of what several authors have called "im-
mature plasma cells." The opposite popliteal node showed small lympho-
cytes throughout and a few clusters of mature plasma cells, especially
near the hilus, but with rare immature forms.
Six days after the second injection, the medulla of the popliteal node
draining the challenged footpad contained many nests of mature plasma
cells situated subcortically and in the peri-sinusoidal region. There was
persistent germinal center activity in the follicles.
DISCUSSION
An essential aspect to the interpretation of these results is the evidence
that the injections given were really localized, for otherwise any antigen
which might have leaked into the circulation could have primed the remote
nodes. McMaster and Hudack7 found that only the nodes draining the
site of injection of Salmonella organisms contained agglutinins. The
nodes of the opposite side and the other tissues were devoid of specific
antibody. More recently, Harris, Harris, and Farber8 found that even
after injecting subcutaneously massive numbers of Shigellae into the
rabbit footpad, there was essentially no antibody production in any node
except that draining the site of injection (the popliteal). The contralateral
popliteal node, distant nodes, and the spleen were not stimulated by
antigen and did not give rise to antibody when transferred to another
animal. Experience with homografts may not be strictly analogous,
since no diffusible antigen has been recognized, but here too it seems well
established that a purely regional stimulation of nodes occurs.9"10 Oakley,
et al.' and Leduc, et al.' obtained results consistent with the premise that
an intradermal injection is essentially an injection into the regional
lymphatics; the latter group employed diphtheria toxoid, the same antigen
used in this study. On the other hand, an intravenous injection into the
rabbit stimulates the spleen, lungs, and bone marrow, in descending order
of magnitude, to produce antibody.'
If an antigenic protein is injected intravenously, the spleen will respond
with a proliferation of plasma cells.1' Since normal rabbit spleen contains
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Volume 36, June, 1964FIG. 3. Medulla of popliteal lymph node draining the challenged footpad in experi-
mental animal two days after the second injection. Note the large cells with a pale
nucleus and a rim of pyroninophilic cytoplasm. (Methyl green-pyronine, x970).
FIG. 4. "Immature plasma cells" stained for specific antibody in the medulla of
the popliteal lymph node draining the site of challenge in experimental animal four
days after the second injection. (Fluorescent globulin stain, as referred to in text,
x970).FIG. 5. Medulla of spleen from experimental animal four days after challenge into
the footpad. No spDecific fluorescence is seen. (Fluorescent globulin stain, x970).Lymphocyte in immune response I MITCHELL, CALABRESI
virtually no plasma cells,' in contrast to lymph nodes,' the number of
plasma cells in the spleen, as well as the fluorescent-globulin staining
technique, may be used to detect the entrance of antigen into the circulation.
Of course, since appreciable numbers of plasma cells and appreciable
amounts of antibody are produced only during the secondary response,
it is necessary for the spleen to receive two antigenic stimuli. We must
therefore assume that a given dose of antigen, if capable of escaping the
confines of the node once, would do the same again.* As seen in Figure 4,
however, there is no increase in the number of plasma cells in the spleen
of an experimental animal four days after the second injection, at a time
when the injected popliteal node is responding briskly. Methyl green-
pyronine sections showed that the hyperimmunized animal, injected with
approximately four times as much antigen as the experimental group,
responded with a massive proliferation of "blast" cells in the follicle of
the node, obscuring the cortico-medullary junction, as well as showing the
usual medullary activity we have mentioned previously. No plasma cell
precursor activity was observed in methyl green-pyronine sections of the
spleen. The point is emphasized once more by the photographs of sections
stained with fluorescent globulin. Immature plasma cells containing specific
antibody were detected four days after reinjection of the experimental
animals (Fig. 4). The color of these cells was a brilliant apple-green
under the microscope. The spleen, on the other hand, showed no specific
fluorescence (Fig. 5). According to this evidence, leakage of antigen
would not seem responsible for "priming" the contralateral node in these
experiments.
A possibility which is consistent with the results of this study, but has
not yet been intensively explored, concerns the role of the lymphocyte as a
"messenger" of immunological information. Work in Gowans' laboratory'6
indicates that lymphocytes are essential at an early time in the course of
immunization. When lymphocytes were drained for five days before be-
ginning immunization with diphtheria toxoid, tetanus toxoid,'6 or sheep
erythrocytes,'" the immune response was totally abolished in the rat. How-
ever, work in Gowans' laboratory (Mitchell, M. S. and Gowans, J. L., data
to be published) indicates that drainage of lymphocytes for five days from
*This assumption of course is not without its alternatives, one being that any of
the challenge dose of antigen which leaks into the circulation is bound to serum
antibody and rapidly cleared by the liver. The very low antibody titers immediately
before the second injection was made, often less than 1: 20, seem to make this less
likely a possibility here, but it certainly has not been conclusively ruled out. For
purposes of developing our hypothesis, we have made the assumption stated above.
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rats already primed with diphtheria toxoid did not alter the response to a
subsequent challenge. Many cell transfer studies`7" indicate that lympho-
cytes are "primed" by contact with antigen and may then produce antibody
in a neutral host. Gowans' work suggests that this contact with antigen may
occur very soon after the antigen reaches the node. This might explain
why Kaplan, Coons, and Deane' found that lymphocytes took up virtually
all of injected pneumococcal polysaccharide. It is uncertain whether the
"priming" of lymphocytes consists of an induction or change of an enzyme,'
an induction of a subcellular recognition unit,' a change in RNA-protein,'
or a modification of DNA.' Whatever its precise nature, the change may
well be permanent and inheritable. Assuming that simple leakage of antigen
has been ruled out, the present experiments suggest that either humoral or
cellular factors were the intermediaries responsible for introducing remote
nodes to the antigenic grouping. Humoral factors seem to have been
eliminated by other investigators, who showed that only intact, viable cells
and not lymph, serum, or killed cells could transfer active immunity.9'23 The
following requirements must be fulfilled by a cellular factor involved in
this mechanism: 1) it must be destined for wide circulation and recircu-
lation throughout the blood and the reticular tissues; 2) it must be involved
at the initial stage of contact with antigen; 3) it must be capable of
transferring the ability to produce antibody to tissues previously "neutral"
to the antigen, as in normal recipients. The small lymphocyte is the only
cell which at present is known to fulfill these criteria, and on circum-
stantial evidence seems to be the intermediary repository involved in this
transmission of information. Definitive proof of this "messenger" role of
the lymphocyte would be facilitated by discovery of a label for the small
lymphocyte which would not be exchanged over the 3-4 week period needed
for immunization.
The possible roles of the small lymphocyte are summarized in Figure 6.
It is speculated that the primary response may consist of priming the
lymphocytes, which then exit from the original node and either recirculate
or take up residence in a second node. The challenging injection may
then stimulate the primed lymphocytes (and perhaps also reticular cells)
in residence, and these may be converted to plasma cells over a six-day
period. The 3 to 4 weeks between injections would provide adequate time
and opportunity for primed lymphocytes to disseminate throughout the
lymphatic tissue of the body by the time the challenging dose of antigen
is administered, although the exact time of transfer of primed lymphocytes
remains to be determined.
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SCHEME OF THE IMMUNE RESPONSE SUMMARIZING
THE POSSIBLE ROLES OF THE LYMPHOCYTE
Unsensitized
lymph node
"Primed" node
(virtually no antibody
goes to the blood)
LEGEND:
G "Primed"lymphocyte
0 Lymphocyte containing
a antibody
Reticulum call primed
by prior contact with
the antigen.
"Primed" lymphocytes go
via efferent lymph, thoracic
duct 8 other conduits
to the bloodstream
Antigen
2nd e is )
stimulus
Large amounts
of antibody
go to the blood
via lymphocytes
Some lymphocytes
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3in remote nodes.
Others recirculate via thoracic duct.
Day 2
Direct metenorphosis of
lyrnphocytes and/or mitosis of
reticulum cells to form
transitional cells
Day 4
Immature plasma cells present
Day 6
...(> D Plasma cells present.
Some regress to lymphocytes.
FIG. 6. Hypothetical scheme of the immune response. Note that many but not all of the details shown here have been discussed in the present paper. (Figure taken from Dr. Mitchell's thesis presented in partial fulfillment for the degree of Doctor of Medicine, Yale University School of Medicine, June, 1962.)
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SUMMARY
The purpose of this study was to investigate the secondar'y immune
response in lymph nodes not directly primed by a previous localized in-
jection of antigen.
After the intradermal injection ofL 164 'Lf units of' diphtheria fluid
(formol) toxoid into the hind footpad of a rabbit, a subsequent injection
into the contralateral footpad gave rise, in the-regional lymph node, to a
secondary immune response which was indisti~nguishable from that pro-
duced by two injections into the same footpad. The response was studied
by serology, using a tanned red cell hemagglutination system, by histology,
using hematoxylin-eosin and methyl green-pyronine stains, and by immuno-
fluorescence to identify specific intracellular antibody.
The results indicate that the response involves a morphological change
occurring in the medulla of the node, with germinal center activity par-
ticularly evident after the fourth day. Conversion of the histological
picture from one consisting predominantly of forms resembling "blasts"
to one characterized by mature plasma cells was paralleled by the pro-
duction of hemagglutination antibody in the serum. An attempt was made
to rule out leakage of antigen by methyl green-pyronine and immuno-
fluorescent staining of the spleen and lymph nodes, at the height of the
cellular response in both experimental animals and controls. Included in
the latter group was one animal injected three times in the same footpad
with much greater quantities of antigen (460 Lf units). In all animals,
the appearance of plasma cell precursors containing antibody was limited
to the node stimulated by the second (challenge) dose of antigen, with
no cellular activity apparent in the spleen or in the other nodes, including
the node originally stimulated by the priming injection.
These studies support, though they by no means conclusively prove, a
hypothesis that the small lymphocyte may act as an immunological "mes-
senger," transmitting to remote nodes information which originated in a
node sensitized by direct contact with an antigen.
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